Preparation of QD-F27 complex. QDs used for this study were obtained from Ocean NanoTech, LLC, USA. They consist of a CdSe core, a multi-shell of CdS 3ML ZnCdS 2ML ZnS 2ML and octadecylamine capping ligands. Fluorescein 27 (F27) was purchased from Exciton, USA. QD-F27 complexes were prepared by adding F27 to QD heptane solutions, and the mixtures were sonicated for 30 min and kept in the dark for a few hours. The samples were filtered to remove undissolved dyes. The F27-to-QD ratio was controlled by adding different amounts of F27 and/or adjusting the time of mixing. Figure S1 shows the UV-VIS absorption spectra of the QD-F27 complex at different dye-to-QD ratios.
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Figure S1. UV-VIS. absorption spectrum of free QDs (blue) and QD-F27 complexes at different dye-to-QD ratios (green: high ratio sample B, pink: low ratio, sample A).
To prepare samples for single QD studies, we start out with QD in heptane solution with concentrations of ~ 10 -11 M. Sample 1 is free QDs without F27. Samples 2 and 3 are QD-F27 complexes which were obtained by mixing QD with F27 for ~6 and ~12 hours, respectively, prior to filtering out undissolved F27. The F27-to-QD ratio of Sample 3 is believed to be higher than that of Sample 2 because of the longer mixing time. This is confirmed by the shorter QD fluorescence lifetime of sample 3. Unfortunately at this low concentration, we were not able to obtain reliable UV-vis absorption spectra. Attempt to prepare single QD sample by diluting the samples used for transient absorption studies was not successful. It was found that the fluorescence decay became slower when the QD concentration became lower than ~10 -10 M (data not shown), indicating a decrease of F27-to-QD ratio (due to dissociation of F27 from QD). For single QD studies, samples 1 to 3 were cast on glass cover slips and dried in air. Raster scanned single particle fluorescence images show well-separated single QDs. An example is shown in Figure S2 for sample 3. Single QD spectroscopy. Single QD fluorescence detection was carried out with a home-built scanning confocal microscope. Femtosecond laser pulses (~100 fs) with a repetition rate of 80 MHz were generated from a mode-locked Ti:Sapphire laser (Tsunami oscillator pumped by 10 W Millennia Pro, Spectra-Physics). The output Estimate of QD 1S exciton oxidation and reduction potentials. The QDs used in this study have a first exciton peak at 605 nm. The energy of the electron and hole levels have not been directly measured, and they are estimated by the following procedure. These core/multi-shell structures were grown from CdSe cores with a first exciton peak at 574 nm. The radius of the CdSe core is estimated to be 1.8 nm by an empirical formula, 1 and 1.7 nm by a model that treats the electrons and holes as particles of effective masses of 0.13 and 0.45 m 0 (m 0 the free electron mass), respectively, confined in a finite spherical well. 2 From the calculated 1S electron, hole and exciton energy, the 1S exciton oxidation and reduction potentials in the CdSe core is determined to be -0.95 and + 1.05 V (SCE), respectively. [3] [4] [5] Previous study of CdSe/CdS core/shell structures shows that the lowest energy conduction band electron is delocalized throughout the core and shell, whereas the valence band hole is localized in the core. 6, 7 We assume that in the quasi-type II core/multi-shell structure, the electron energy level is lowered while the hole level remains unaffected relative to the CdSe core. With these assumptions, the estimated 1S exciton oxidation and reduction potentials are -0.85 and +1.05 V (vs SCE), respectively, for the QDs used in this study. 8 
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